The mechanisms involved in the long-lasting contraction induced by transmural stimulation were investigated in the isolated longitu-
Furthermore, adrenalin induced the relaxation followed by a relatively long-lasting contraction in the guinea-pig stomach preparation. This contraction was blocked by phentolamine, an cc-blocking agent. Similar long-lasting contractions were also observed by transmural field stimulation (YAMAGUCHI and TOMITA, 1974) . However, the mechanisms of the long-lasting contractions induced by catecholamines or by transmural stimulation remained to be elucidated.
We investigated the possible mechanisms involved in the long-lasting contraction induced by transmural stimulation in the longitudinal muscle of the guineapig stomach.
METHODS
Guinea-pig of either sex (300-450 g) were exsanguinated from the common carotid arteries. The stomach was excised and strips of longitudinal muscle with circular muscle attached (1 mm in width and 20 mm in length) were dissected from the greater curvature aspect of the corpus. The mucosa and submucosa were removed from these muscle strips under a stereomicroscope. The preparation was suspended in a 20 ml organ bath containing Krebs-bicarbonate solution maintained at 35°C and gassed with 3° C02 in 02 (pH of 7.4).
For the electrical stimulation experiments, bipolar platinum-wire electrodes (0.5 mm in diameter and 15 mm in length) were placed in parallel with the tissue in the organ bath. The longitudinal responses of the preparation were recorded isometrically with a force displacement transducer (Shinkoseiki, U2) linked to a potentiometric pen-recorder (Nihon Kohden, RJG-4022). The resting tension was adjusted to 0.5 g and the preparation allowed to equilibrate for 120 min to obtain a steady tension before start of the experiments. Repetitive stimuli were applied with pulses of 2-ms duration at 0.5 to 20 Hz for 5s. The stimulation voltage was set at supramaximal and the stimuli were delivered at 10-to 15-min intervals. The composition of the Krebs-bicarbonate solution used was (mM): NaCI 120, KC15.9, CaC12 2.5, NaH2P04 1.2, MgCl2 1.2, NaHC03 15.5, and glucose 11.5. The drugs used were: l-noradrenaline bitartrate monohydrate, adenosine-5 '-triphosphate disodium (ATP), indomethacin (Sigma Chem.), prostaglandin E2 (Ono Pharm.), tetrodotoxin (TTX) (Sankyo Pharm.), guanethidine sulfate, phentolamine mesylate (CIBA), propranolol hydrochloride (Sumitomo Chem.) and atropine sulfate (Merck). Indomethacin (3.75 mg) was dissolved in 0.2 ml of ethanol containing 15 mg NaHC03 in a hot bath, and then diluted with distilled water. This concentration of ethanol did not affect the responses to electrical stimulation and to other agonists. lNoradrenaline was dissolved in 0.01 N-HCl solution containing sodium bisulfite (0.12 mM) as a catecholamine antioxidant and other drugs were dissolved in distilled water. Drugs were administered to the bathing fluid in a volume of 0.2 ml or less. All concentrations in the text refer to final concentrations of free base in the bathing fluid and are expressed in terms of molarity. To observe the effects of drugs on LONG-LASTING   CONTRACTION  AND  PROSTAGLANDIN  623 responses to noradrenaline, ATP, and transmural stimulation, indomethacin was added to the bathing solution 20 min before application of noradrenaline, ATP, and transmural stimulation. Other drugs were administered to the bathing solution 5 min before electrical stimulation.
The change of the long-lasting contraction was expressed as area (%) in consideration of the duraion of action. Values are given as mean values + S.E.M.
RESULTS

Responses to transmural stimuli
As shown in Fig. la , transmural stimulation elicited an initial transient contraction followed by relaxation. In addition, the initial contraction depended on the pulse duration, but the relaxation did not. This temporary relaxation was sometimes not seen in preparations from younger animals (1 month old) but readily evoked in those from older animals (2 months old). After termination of stimulation, a long-lasting contraction slowly developed. This contraction was observed even when no relaxing component was seen. The amplitude of the long-lasting contraction depended on pulse duration. Further, the relationships between the long-lasting contraction and the pulse duration was drawn with two different slopes at 1 ms (Fig. l b) . Therefore, in most experiments, the stimulus pulse used was of 2-ms duration which was sufficient to produce the long-lasting contraction. When the preparation was excitated by increasing the stimulus frequency from 0.5 to 20 Hz at 2-ms pulse duration, the long-lasting contraction increased depending on the stimulus frequency (Fig. lc) .
Effects of pharmacological antagonists.
As shown in Fig. 2 , the initial transient contraction was completely inhibited by atropine (5 x 10-' M) or by tetrodotoxin (10-6 M). The subsequent relaxation was also blocked by tetrodotoxin (10-6 M), but not by atropine (5 x 10-' M) or by propranolol (10-6 M) (not shown here). As shown in Table 1 , the amplitude of longlasting contraction was reduced to 62.6 + 7.3 (S.E.M.) % of control response by tetrodotoxin (10-6 M) in 5 out of 15 preparations and inversely increased to 144.9 ± 18.7 (S.E.M.) o of control response in the remainder. It was also reduced to 83.3 + 4.0 (S.E.M.) % by guanethidine (10-5 M) in 10 out of 14 preparations, but no reduction of contraction was observed in the remainder. Phentolamine (5 x 10-6 M) slightly reduced the long-lasting contraction, but its effect was not significant.
Effects of phentolamine on noradrenaline-and ATP-induced contractions
As shown in Fig. 3 , noradrenaline (NA) (10-6 M) and ATP (10 5 M) elicited biphasic responses; an initial rapid relaxation followed by a long-lasting contraction. The amplitude of contraction induced by NA and ATP increased in a concentration-dependent manner (10-' to 10-4 M) (not shown here). The long-Y. SAKAMOTO, H. MORISHITA, and I. IMANAGA lasting contractions induced by NA and ATP were found to mimic closely the response to transmural stimulation. The NA-induced long-lasting contraction was completely blocked by phentolamine (5 x 10-6 M), but the ATP-induced one was not affected by phentolamine (5 x 10-6 M).
Effects of indomethacin As shown in Fig. 4 , indomethacin (10 -' M) completely abolished the longlasting contractions evoked by transmural stimulation and noradrenaline as well as ATP, while the contractile response to prostaglandin E2 (10 _ 9 M) was not influenced by indomethacin at concentration of 10-' M. This inhibition was also observed in the presence of acetylsalicylic acid (10 -s M) (not shown here). subsequent relaxation was blocked by tetrodotoxin, a neuronal blocker, but not by pretreatment with atropine and phentolamine, an a-adrenoceptor blocker, or propranolol, a fl-adrenoceptor blocker. Therefore, the relaxation may be due to a release of the transmitter from non-adrenergic, non-cholinergic nerves. A similar result has been reported by BURNSTOCK et al. (1972) . However, detailed mechanisms involved in the electrically-induced relaxation are not discussed here.
The magnitude of the long-lasting contraction increased in proportion as the stimulus frequency and pulse duration were increased, suggesting that the longlasting contraction is proportional to the transmitter release. These results suggest that the long-lasting contraction includes a neuronal component.
Although some of the long-lasting contractions were partially blocked by TTX or by guanethidine, an adrenergic neuron blocking agent, most of those were enhanced rather than inhibited by TTX. These enhanced contractions may be explained as a result of the inhibition of the relaxing by TTX, since relaxation by transmural stimulation is blocked by TTX.
At the neuromuscular junction of the striated muscle, TTX-resistant trasmitter release from nerve terminal occurs by an extracellular stimulation MILEDI, 1965, 1969) .
On the other hand, it has been shown that immunoreactive cells to peptides are not only present in mucosa but also found in the muscle layers (PEARSE, 1976; PEARSE and POLACK,1978; SCHULTZBERG et al., 1980) . Therefore, if the postsynaptic neurons and some immunoreactive cells are stimulated by extracellular pulses, neuro-transmitters and some peptides may be released. Furthermore, DANIEL et al. (1979) have suggested existences of the interstitial cells which release prostaglandins in response to a long pulse duration (more than 1 ms). Thus, transmural stimulation may simultaneously release some kinds of transmitters or peptides from sympathetic, parasympathetic, and purinergic (BURNSTOCK et al., 1978) nerve endings or the immunoreactive cells, or directly release prostaglandins from the interstitial cells. For these reasons, tetrodotoxin or guanethidine may fail to abolish the long-lasting contraction induced by transmural stimulation.
A single pulse less than 80-ms duration also produced the long-lasting contraction in the stomach muscle (unpublished observation). Therefore, the depolarization of the smooth muscle membrane may induce prostaglandins synthesis as suggested by SANDERS (1978) .
It has been proposed that both noradrenaline and ATP are simultaneously released from sympathetic nerve endings (GEFFEN and LIVETT,1971; Su et a!., 1971; BURNSTOCK, 1979) . The contractile responses to noradrenaline and ATP closely mimic the long-lasting contractile responses to transmural stimulation in this study. In addition, the contraction induced by noradrenaline, but not by ATP, was completely abolished by phentolamine. If such substances as noradrenaline, ATP, and other substances are simultaneously released by the transmural stimulation, it is reasonable to expect that phentolamine will fail to block the long-lasting contractions.
In the guinea-pig taenia coli, the rebound contraction induced by transmural stimulation was inhibited by indomethacin, a prostaglandin synthetase inhibitor (BURNSTOCK et a!., 1975 
